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Résumé : 
 
La convection naturelle transitoire dans une cavité bidimensionnelle avec une paroi chaude 
partitionnée remplie d'air a été analysée. L'investigation a été effectuée pour le rapport d'aspect de 
0,24, le nombre de Prandtl de 0,71 et le nombre de Rayleigh de 10
9
. Ce problème est résolu en 
utilisant les équations différentielles partielles qui sont l'équation de masse, de moment et d'énergie. 
Les résultats obtenus montrent que la partition affecte l’écoulement et le transfert de chaleur dans la 
cavité. 
 
Abstract:  
 
Transient Natural convection in a two dimensional cavity with a partitioned hot wall filled with air 
has been analysed. The investigation has been performed for the aspect ratio of 0.24, Prandtl number 
of 0.71 and Rayleigh number of 10
9
. This problem is solved by using the partial differential equations 
which are the equation of mass, momentum, and energy. The results obtained show that the partition 
affects the flow and the heat transfer rate in the cavity. 
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1 Introduction  
 
Natural or Free convection is a very important mechanism that is working in a variety of environments 
from cooling electronic circuit boards in computers to causing large scale circulation in the 
atmosphere as well as in lakes and oceans that influences the weather. Thus the studies of natural 
convection flows in the cavity have been widely mentioned in the literature over the past decades [1, 
2]. Experiments results of Wright et al [3] showed that as Ra exceeded 10
4
 the flow became irregular 
and the core flow became increasingly unsteady. The transition from a steady to an unsteady flow 
induced by an adiabatic fin on the side walls was also carried out by Xu et al [4]; they demonstrated 
that the fin may induce the transition to an unsteady flow. Sojoudi et al [5] concluded that less time is 
needed for higher Ra to reach the steady stage in their study of unsteady air flow and heat transfer in a 
partitioned triangular cavity. Thus Paul et al [6] treated the Effect of an adiabatic fin on natural 
convection heat transfer in an air filled triangular enclosure by numerical simulations. The effect on 
heat transfer of partial horizontal partitions placed on the hot wall of a differentially heated square 
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cavity filled with air for varied width and for varied position along the height axis of the hot wall is 
studied numerically by Nag et al [7]. They found that the effect of a horizontal partition is significant. 
The purpose of this work is to simulate the unsteady natural convection in a differentially heated 
cavity with a partition on the hot wall. The cavity used in this paper is the same described by Xu et al 
[8], which has an aspect ratio of 0.24 but filled with water. The side walls are assumed to be 
differentially heated and the horizontal walls are considered as adiabatic. The working fluid media is 
air with Prandtl number of 0.71 and the Rayleigh number was fixed at 10
9
.  
 
   2 Problem position and mathematical formulation  
 
The study deals with the formation and development of the thermal boundary layer. We study the flow 
of natural convection in transient regime in a differentially heated cavity filled with air (Pr = 0.71). 
The horizontal walls are adiabatic. At time t = 0, T = Tm and u = v = 0. 
The aspect ratio of the domain is 0.24. One partition of L/2 is placed in the mid height of the hot wall 
Th on the right wall and Tc in the left as cold wall then the average temperature
2
ch
m
TT
T

 , the 
computational domain is shown in Fig. 1. 
 
 
 
Fig.1 physical domain 
 
The governing equations (Navier Stokes and energy equations with the Boussinesq approximation) of 
the transient natural convection flows are written as 
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Where 
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The heat transfer rate along the hot wall q is defined as follows: 
dT
q k
dy
   
(6) 
 
With H height of the enclosure, L width of the enclosure and W partition thickness, Nu Nusselt 
number, Pr Prandtl  number, Ra Rayleigh number, p pressure, T temperature, 
hT temperature of the hot 
surface, 
cT temperature of the cold surface, mT average temperature, T Temperature variation (Th –Tc  
), u and v are the velocity component in x and y direction respectively; x and y Cartesian coordinates,
 
, 
h convective heat transfer coefficient,
 
, , , , ,g       gravitational acceleration, thermal conductivity 
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of fluid, thermal diffusivity, coefficient of volumetric expansion, dynamic viscosity and fluid density 
respectively. 
A grid size of 596 259  has been chosen with non-uniform point distribution in the x and y directions. 
The governing equations are implicitly solved using a finite volume PISO algorithm. All second 
derivatives and linear first derivatives are approximated by a second-order centered-differenced 
scheme due to its best numerical stability properties. The time integration is by a second-order 
backward difference method. The discretized equations are iterated with under relaxation factors. With 
respect to the choice of the time step, calculations were made using 0.05t s  . 
 
2 Results and discussion 
 
The partition is an important aspect to determine the transition of natural convection flows in the 
cavity to a steady or unsteady regime. Fig. 2 shows time series plot of the temperatures at the point P 
(0.498, 0.09) (Fig. 1) for the case with a partition, the LEE (leading edge effect) in the earlier stage is 
obvious, and the transition of the thermal boundary, layer flow comes near a periodic flow. The 
transition of the natural convection may be classified into three stages: an initial stage, a transitional 
stage and a quasi steady stage.  For t>7000s the thermal boundary layer reached the quasi stationary 
stage with a low increase in temperature. 
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Fig. 2. Temperature time series calculated by using different temperatures of horizontal walls for the 
case of Ra=10
9
, and partition length of L/2, at the point (0.498, 0.09) plotted. 
 
The isotherms contours of Fig. 3 show a stratification of the fluid throughout the cavity; it can be seen 
that at t = 100s the phenomenon of separation had been started, the flow may very flat near the 
partition The shedding flow separating from the partition induces two peaks wave, and the two peaks 
eventually merge into a single one while they propagate downstream. The thermal flow around the 
partition generates unsteadiness of the downstream thermal boundary layer. The same behavior was 
also observed for the streamlines contours. 
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Fig. 3. Isotherms contours at different time for Ra=10
9
 
 
Examining the stream function and the isotherms in the vicinity of the walls, it is found that at t = 10s, 
the separation phenomenon had just begun. Fig. 4 shows that the fluid in the vicinity of the thermal 
boundary layer is drawn towards the lower end.   
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Fig.4 streamline contours for different time for Ra=109 
 
At t = 500s the stream lines show that the fluid is convected away from the boundary layer which 
produces a reversal of the direction of circulation and the partition has a great effect in the flow, 
especially the great length as in this case the length is L/2. 
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Fig.5. Time series of the heat transfer rate on the hot wall for Ra =10
9
 and Pr = 0.71 
 
Fig. 5 shows the time series of the heat transfer rates on the hot wall describing heat transfer through 
the cavity. It is seen that the heat transfer rates decrease with time due to the effect of the initial 
conduction of the sidewall with a great temperature variance between the sidewall and the inner fluid. 
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The perturbations induced by the oscillation of the thermal flow around the partition have more 
opportunity to increase. 
 
Conclusion 
 
The present numerical work investigates transient natural convection in a two dimensional cavity with 
a partitioned hot wall. Here, the working fluid considered is air. The aim of this study is to investigate 
the fluid flow behavior and heat transfer phenomenon due to the presence of the partition on the 
middle of the hot wall. The transition of the natural convection may be classified into three stages: an 
initial stage, a transitional stage and a quasi steady stage. It is concluded that heat transfer through the 
partitioned sidewall is dependent on the partition, and the partition has a great effect in the flow, 
especially the great length. It was also seen that the perturbation brought by the partition strengthen 
the convection and enhance the heat transfer through the sidewalls. 
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